Objective: Attention research in individuals with autism spectrum disorder (ASD) has produced conflicting results. Some findings demonstrate greater distractibility whilst others suggest superior focused attention. Applying Lavie's load theory of attention to account for this discrepancy led us to hypothesize increased perceptual capacity in ASD. Preliminary support for our hypothesis has so far been found for adults with ASD with RT and signal detection sensitivity measures. Here we test the novel prediction we derived from this hypothesis that children with ASD should have lower rates of inattentional blindness than controls.
Introduction
Research examining visual selective attention in individuals with autism spectrum disorder (ASD) has produced conflicting results. One set of findings demonstrates increased levels of distractibility in ASD relative to mental age matched controls (Burack, 1994; Christ, Holt, White, & Green, 2007; Ciesielski, Courchesne, & Elmasian, 1990) , while other findings demonstrate superior performance on visual search tasks. For example, individuals with ASD are faster and more accurate than mental-age matched controls at locating an embedded figure within a line drawing (e.g. Shah & Frith, 1993; Jolliffe & Baron-Cohen, 1997) , searching for local elements in a global figure (Plaisted, Swettenham, & Rees, 1999) and finding a target presented among multiple non-target items (O'Riordan, Plaisted, Driver, & Baron-Cohen, 2001; O'Riordan, 2004; Plaisted, O'Riordan, & Baron-Cohen, 1998; Joseph, Keehn, Connolly, Wolfe, & Horowitz, 2009) . So, while a number of studies suggest visual selective attention is impaired in ASD leading to greater irrelevant distractor processing, performance on visual search tasks suggests superior visual selective attention.
Here we propose an account for this apparent discrepancy by applying Lavie's Load Theory of attention and cognitive control (e.g. Lavie, 2005) to ASD. According to Load Theory the extent of distractor processing depends on the level of perceptual load involved in the task.
Perceptual load refers to the amount of task-relevant information, for example the number of different task stimuli or the perceptual requirements of a task (Lavie, 1995; Lavie & Tsal, 1994) .
A high load task might consist of a large number of task-relevant items in a visual search array, or a subtle perceptual discrimination. A lower load task would consist of fewer items in a visual search array, or a more gross perceptual discrimination (e.g. Lavie, 2005; 2010) . Central to the theory are the assumptions that while perception is a limited-capacity process, the processing of information that can be accommodated within perceptual capacity is mandatory. Consequently, perceptual processing proceeds on all items relevant to a current goal as well as those that are irrelevant until capacity is exhausted. Thus, in tasks of low perceptual load (e.g. requiring participants to identify a "target" stimulus from just two possible items) any spare capacity left over from the processing of task-relevant stimuli will 'spill over' into the processing of taskirrelevant distractor stimuli. In contrast, tasks involving high perceptual load (e.g. requiring search for a target stimulus in an array of four or more similar items) engage full perceptual capacity, leaving little or no room for distractor processing.
We reasoned that the pattern of reduced resistance to distractors on some selective visual attention tasks and enhanced performance on the visual search tasks may reflect a higher perceptual capacity in individuals with ASD compared to controls. Since Load Theory asserts that it is not possible to assign any less than total capacity, individuals with a higher perceptual capacity will necessarily process more information, whether relevant or irrelevant to the task.
This accounts for superior performance on tasks where that further information is relevant to the search (Plaisted et al., 1998; O'Riordan, 2004; Joseph et al., 2009) , and increased distractor processing on tasks where the further information consists of irrelevant distractors (e.g. Remington, Swettenham, Campbell, & Coleman, 2009; Burack, 1994) .
We have provided preliminary evidence for this hypothesis by showing that increased levels of perceptual load in a search task (manipulated through the search set size) have led to reduced response competition effects produced by an irrelevant distractor in typical adults but not in adults with ASD. The latter continued to show a response competition effect at higher load, indicating that they perceived the distractor (Remington et al., 2009 ). This initial study, however, only provided indirect evidence of enhanced perceptual capacity in ASD as it relied on measuring an interference effect on reaction times which could also be influenced by various other factors such as effects on response selection rather than perception, and overall susceptibility to distraction. More direct support has been recently provided in a study that used a signal detection method to assess the effects of load on perceptual sensitivity (Remington, Swettenham, & Lavie, 2012) . The findings showed that increased levels of load in a visual search task led to reduced perceptual sensitivity (as measured with d') for typical adults, but left perceptual sensitivity unaffected in adults with ASD, in line with our load hypothesis.
Our previous findings may have important implications for the phenomenon of inattentional blindness (when people fail to notice a conspicuous visual event, for example a man dressed in a gorilla suit) in individuals with ASD. Since the level of perceptual load has been shown to be a critical factor in inattentional blindness (Cartwright-Finch & Lavie, 2007) , our hypothesis of enhanced capacity leads to the prediction that individuals with ASD would be less likely than matched controls to experience inattentional blindness in tasks of higher load. That is, they would show enhanced levels of awareness, being able to notice additional information when a task is taxing on capacity. The inattentional blindness paradigm is a well-established measure of awareness in the mainstream cognitive literature of attention. In order to assess awareness for a stimulus that should be entirely unattended participants are asked to attend to a primary task (e.g. discriminating line length) and an unexpected stimulus is then presented on the last trial in a task-irrelevant location (e.g. in the periphery for a task concerning the display centre).
Awareness is then measured for this putatively unattended stimulus on that trial, by asking participants if they noticed anything extra on the last task display. The inattentional blindness measure is only based on that single report for each participant because once participants have been asked about their awareness one cannot be sure that the stimulus will be entirely unattended on subsequent trials, hence the single critical-trial nature of the paradigm.
In the present study we aimed to establish further our load hypothesis, testing the implications for perceptual awareness in children with ASD. Specifically we asked whether higher perceptual capacity is present already in childhood by assessing the effects of perceptual load on the extent to which children with ASD (compared to mental age matched controls) suffer from inattentional blindness or are able to notice an extra item that is not part of the task. other neurological or co-morbid psychiatric condition. The study used a between-participants design and participants within both groups were randomly allocated to either a high load or a low load condition. Participants were excluded if they obtained a score of less than five correct on the six non-critical trials, were incorrect on the critical trial, or were incorrect on a final control trial.
Methods

Participants
These rather stringent exclusion criteria were used to ensure that all participants are engaging in Reduced Inattentional Blindness In Autism 7 the central task when the unexpected stimulus appears. Extensive piloting was conducted before task administration in the schools to increase the likelihood that most children would be able to perform the primary line-length discrimination task and so pass our stringent performance criterion. Overall 4 participants (all with ASD) scored less than five correct non-critical trials (3 from the low load condition and 1 from the high load condition) and therefore were removed from the sample. There may be a number of reasons why these 4 children performed poorly on the line discrimination task. For example they may have lacked motivation to perform the task or misunderstood the instructions. For the purposes of our experiment though, we only wished to include participants who had clearly engaged in the line-length discrimination (of either high or low load) at the same time that the irrelevant stimulus appeared.
The remaining participants were correct on the critical trial and were able to correctly detect and identify the critical stimulus in a final control trial, leading to no further exclusions.
From the remaining 24 children with ASD, 11 were in the low load condition and 13 in the high load. From the 39 typically developing children 19 were in the low load condition and 20 in the high load condition. The ASD group was matched with the TD group for chronological age and for non-verbal IQ using the Raven's Standard Progressive Matrices (Raven, Raven, & Court, 
Stimuli and Procedure
Microsoft Visual Basic (version 6) was used to create computer-based stimuli that were presented on a 15 in. laptop screen (screen resolution 1024 x 768 pixels). Viewing distance was 60cm.
In the high load condition, a target cross with a shorter arm subtending 3.35° and a longer arm subtending 3.9° appeared. In the low load condition, a target cross with a shorter arm subtending 1.25° and a longer arm subtending 3.9° appeared. Each cross was black and appeared on a white background. The longer line was either horizontal (H) or vertical (V) on each trial (3 H and 3 V appeared randomly across the first 6 trials, and either H or V counterbalanced across participants on trial 7). (see Figure 1a) Each child was tested individually in a room at their school. They were first shown an example of each cross, presented on an A4 sheet of paper. The experimenter checked that the child could correctly report which line was longest in each example, either the line 'going across' or the line 'going up and down'. They were then told that crosses would be shown very briefly on the computer screen and for each cross they would be asked to indicate which line of the cross was longer.
A fixation circle subtending 0.15° appeared at the centre of the screen at the beginning of each trial (1500ms), followed by a blank display (96ms), then a centrally located target cross (110ms) immediately followed by a visual mask (a mesh pattern of black lines on a white background, 496ms). The sequence ended with a blank screen which remained until the child had made a response. Participants in both conditions were required to judge whether the longer line was vertical or horizontal. The response could either be verbal (e.g. 'the line going across') or the participant could point to one of the two illustrations of the cross placed alongside the On the seventh, critical trial, a black outline square shape (sides subtending 0.3°) appeared in addition to the cross. This critical stimulus appeared in one of four peripheral locations, counterbalanced between participants, in one of the four quadrants of the screen as defined by the lines of the cross. Each one of these locations was equidistant from fixation (at 3.2° eccentricity) and equidistant from the two closest lines of the cross (see figure 1b) .
Following the line judgement response on this trial, participants were asked whether they had noticed anything else appearing on the screen that had not been present before. If the participant reported seeing something they were asked to indicate where on the screen the critical stimulus had appeared. Participants were then presented with a choice of 4 shapes (see figure 1c) and asked which one of the shapes they had seen. The critical trial was then repeated in a final control trial. Participants were told to ignore the cross and instead to look to see if they could see anything else on the screen. Reports of the quadrant where the critical stimulus appeared and the shape of the critical stimulus were again noted. Only participants who reported awareness of the critical stimulus and could identify location and shape of the critical stimulus were included in further analysis.
Results
Task performance
A two-way between-subjects ANOVA was conducted on the number of correct responses on the cross judgement task with the factors of diagnostic group (ASD vs. TD) and load condition (high vs. low). Mean and standard deviation detection and identification scores are shown in Table 1 These findings indicate that both groups engaged in task and that the manipulation of load was effective in increasing the task difficulty. (Recall that the numerically small effect of load on line-length discrimination is due to the restricted range enforced by our exclusion criteria, see the Method section).
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Awareness reports
Participants who reported that they had noticed something on the critical trial, and correctly identified in which quadrant the critical stimulus appeared, were classified as having detected the critical stimulus. Participants who were also able to identify the critical stimulus either by pointing to the correct shape from the four shapes presented, or by verbally describing a square, were classified as having correctly identified the critical stimulus. Figure 2 shows the percentage of participants from each group who were able to detect and identify the critical stimulus. Detection.
Since this was a prospective binomial study design, a saturated logistic regression model was fitted (using IBM SPSS Statistics for Windows, Version 20.0) with the binary variable 'detection' as the response, and group and load as factors.
The likelihood ratio test indicated a significant interaction between group and load χ 2 (1) = 7.95, p = .005. This confirms a different effect of load on detection between the groups. Whereas for the controls detection rate in low load condition (42.1% of participants) was significantly higher than in high load (0% of participants) χ 2 (1) = 13.72, p < .001; for the ASD group, there was no significant association between load and detection χ 2 (1) = .001, p = .97 (54.5% of participants in the low load condition, and 53.8% of participants in the high load condition) (see Fig 2) .
In all conditions, detection rates were higher in the ASD group than control group resulting in overall detection rates of 54.2% and 20.5% respectively.
The significant reduction for the control group in rates of inattentional blindness from 42.1% in the low load conditions to 0 in the high load conditions confirms that our manipulation of task load was successful in determining rates of inattentional blindness in the TD population.
The lack of effect of load on rates of detection in ASD (despite no greater deterioration in the linediscrimination task performance with higher load, as described in the previous section) is as predicted from our increased perceptual capacity hypothesis.
Identification.
The identification results showed a similar pattern to the detection results. The likelihood ratio test indicated an association between group and load that was approaching significance χ 2 (1) = 3.42, p = .06. Individual group analyses revealed a significant interaction between load and identification
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for the control group χ 2 (1) = 4.58, p = .03, indicating a greater likelihood of correct identification in the low load (15.8% of participants) than in the high load (0% of participants) conditions, and no association between load and identification for the ASD group (correct identification in 54.5% of participants in the low load and 53.8% of participants in the high load conditions) χ 2 (1) = .001, p =
.973.
In all conditions, identification rates were higher in the ASD group than control group resulting in overall identification rates of 54.2% and 7.7% respectively.
Discussion
Our findings demonstrate that children with ASD have reduced rates of inattentional blindness and reduced impact of the level of perceptual load in a task on awareness, despite equally high levels of task performance as those of controls. These findings suggest that ASD involves increased visual perceptual capacity from childhood as we detail below.
The reduced rates of inattentional blindness found in ASD overall clearly show an advantage in perceptual awareness in the ASD group. Critically, while both groups showed a similarly high level of task performance in both high and low load conditions, the awareness rate was reduced by high load for typically developing children, whereas for the children with ASD the awareness rate was unaffected by the increased perceptual load of the primary visual task and remained high in the high load condition too.
Note that since the increased rate of awareness in ASD was not at the cost of performance on the primary line-length discrimination task itself, these findings suggest increased capacity.
The children with ASD were able to detect the presence of an unexpected, task-irrelevant stimulus in addition to meaningfully engaging with the central task as shown by the finding of a main effect of load on the line discrimination performance for both groups. For the ASD group, the results were also equivalent across the measures of detection and identification judgments, in further support of enhanced perceptual capacity.
The current demonstration of reduced inattentional blindness under load in children with ASD is important because it suggests that higher perceptual capacity is already present in childhood, rather than emerging in adulthood as a result of atypical development. Previous demonstrations of increased perceptual capacity in ASD have been exclusively with adults (Remington et al., 2009; 2012) . In addition, our group effect was found despite both groups being matched for performance on the Ravens Progressive Matrices (RPM). This strengthens our findings still further as ASD-related perceptual peaks are potentially accounted for in the RPM matching. If anything, one might expect a perceptual advantage to be masked by this matching.
Our increased perceptual capacity hypothesis not only accounts for the present findings but also may be able to account for the apparent discrepancy between previous reports of superior performance of individuals with ASD on visual attention (e.g. visual search and embedded figures), but reduced resistance to distractors on other selective attention tasks.
According to load theory all stimuli in the visual field, regardless of their task relevance, will be processed automatically until perceptual capacity is exhausted. Applying load theory, we would therefore expect individuals with a higher perceptual capacity to process more information and therefore be less prone to inattentional blindness as we have shown. In cases where the information is task-relevant this would lead to superior performance, as is seen in visual search tasks and embedded figures tasks (Plaisted et al., 1998; O'Riordan, 2004; Shah & Frith, 1993; Shah & Frith, 1983) . Where the information is irrelevant, as in distractor tasks (Remington et al., 2009; Burack, 1994 , Christ et al., 2007 Geurts et al., 2008; Adams & Jarrold, 2012 ) then this would result in increased processing of distractor stimuli, leading some to propose that autism involves a distractability deficit. However, note that in our task the irrelevant stimulus was not designed to be distracting (e.g. was not response competing, cf. the flanker tasks). Our findings of an awareness advanatge in this task, therefore provides further support for our interpretation that both bodies of data demonstrate enhanced perceptual capacity rather than showing a reduced ability to control distraction.
Furthermore, our account leads to the specific prediction that differences between ASD and controls will be most apparent on visual search tasks when the perceptual load is high, allowing the ASD group to take advantage of their ability to process more information than controls. A close analysis of existing studies using the visual search paradigm shows that the data supports this prediction. For example, participants with ASD display superior performance when target-distractor similarity is high , when feature search is more difficult Kemner, van Ewijk, van Engeland, & Hooge, 2008 ) and on conjunctive versus feature search tasks (Plaisted et al., 1998; O'Riordan, 2004) . On all these tasks the ASD group advantage is also more prominent when array sizes are high and when the target is absent, conditions that would favour individuals with a high perceptual capacity as they involve the scanning of a large number of items.
For visual attention tasks that require participants to ignore irrelevant distractors our account also makes the specific prediction that group differences will be most apparent when perceptual load is high, this time with the ASD group showing higher levels of distraction than mental age matched controls. The logic here is that a high level of perceptual load in the central task will exhaust capacity in control participants, leaving no resources for distractor processing, but will not exhaust capacity in participants with ASD leaving spare capacity and allowing resources to spill over and automatically process irrelevant distractors. Again, existing studies confirm this prediction (Remington et al., 2009; Remington et al., 2012) , and the present findings show a similar pattern.
Our account and present results might also explain why previous studies examining susceptibility to change blindness in ASD have produced equivocal results. Change blindness refers to the difficulty participants have in detecting the difference between two pictures when they are presented successively with a brief interruption (Simons & Levin, 1997) . Group differences have been reported when complex scenes (high load) are used (Smith & Milne, 2009; Fletcher-Watson et al., 2012) : Children with ASD detect the change more quickly than controls under such conditions. However, when pairs of images of isolated objects (low load) were used in a change blindness task, no group difference were found (Burack et al., 2009) . Again, our increased perceptual capacity hypothesis of ASD would predict these findings, since the higher capacity in the ASD participants would lead to the processing of more stimuli in a high perceptual load scene leading to faster detection of the changed item. This advantage would be absent in a low perceptual load scene since only a limited number of items need to be processed and this can be achieved equally by both ASD children and controls.
The single trial nature of the inattentional blindness paradigm means that this study relies on a small data set. We should therefore be cautious not to overstate the importance of the findings from this study alone. We note however that the convergence of the present results with previous results in studies assessing both distractor processing and detection as a function of load in ASD, that have used longer versions of load tasks (Remington et al 2009; Remington, Swettenham & Lavie, 2012) , further adds support for our interpretation.
Currently there are no established measures that directly assess visual perceptual capacity in the mainstream attention and visual perception literature. In the absence of such measures researchers typically rely on measures such as failure or success in dual task performance similarly to our current study design (see also Macdonald & Remington et al., 2012 in the case of ASD). In line with this rationale, the results from the present study as well as our previous studies are most likely to be explained by an enhanced perceptual capacity. In each case continued processing of additional stimuli that are not part of the primary task is found at higher levels of load in ASD compared to controls, whilst there are no group differences at low levels of load. Nevertheless, the goal of establishing direct measures of perceptual capacity is an important direction for future research These findings suggest that neural activity in parietal and visual cortical areas mediates perceptual capacity in neurotypical individuals.
Given the likely neural mechanism in typical adults, we predict that in ASD increased perceptual capacity may be related to greater availability of parietal and visual cortex resources.
Consitent with this proposal are anotomical observations of increased gray matter volume in the parietal cortex in ASD (Ashitari et al, 2007; Brieber et al, 2007) and evidence of overconnectivity in the visual cortex (Just, Cherkassky, Keller, Kana & Minchew, 2007; Keita, Mottron & Bertone, 2010) . Furthermore, functional neuroimaging has revealed stronger activation in visual cortex on various perceptual tasks in which individuals with ASD display behavioural superiorities, such as visual search (Keehn et al, 2008) embedded figures (Manjaly et al, 2007; Ring et al, 1999) , block design (Hubl et al, 2003) and matrix reasoning (Soulieres et al, 2009 ). It will be important to directly test this proposal in future studies by measuring cortical activity while manipulating load in ASD.
We have now demonstrated, through our behavioural studies, increased perceptual capacity in both adults and children with ASD. Support for our account with data from children suggests that increased capacity may be a core feature of the disorder rather than a result of unusual environmental input. For example, a well known feature of ASD is a preference for processing 'local' rather than 'global' information (Happe and Frith, 1990) . This preference could be considered a phenomenon of increased perceptual capacity, alternatively the preference
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to attend to detail could contribute to the development of an increased perceptual capacity, being a cause rather than consequence. Future studies testing our account with even younger populations may be useful in furthering our understanding of the origins of increased perceptual capacity.
We also note that our studies with both adults and children with ASD have so far only involved intellectually able individuals (IQ > 90) and have not involved individuals with a dual diagnosis (e.g. ASD and attention deficit disorder). This might therefore be considered a select group. In addition, we have not yet included other developmentally disordered groups as a comparison. Future research may establish whether increased perceptual capacity is specific to ASD and whether only intellectually able individuals with ASD have increased perceptual capacity.
Finally, a greater understanding of what characterizes the unusual attentional and perceptual style may help in the design of educational and therapeutic programs which capitalize on the relative strengths as well as the weakness of ASD.
